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CO (54) Title: ASSAY OF ISOMERISED AND/OR OPTICALLY INVERTED PROTEINS AND PROTEIN FRAGMENTS 

(57) Abstract: A method of immuno- assay comprises immunologically measuring in a biological sample the amount of an iso- 
merised or optically inverted non-collagen protein derived from cartilage or of one or more isomerised or optically inverted fragments 

O from such a protein. The method may determine the amount of at least one * Asx or *GLx containing protein or protein fragment in 
said biological sample, wherein * Asx is otD Asp or Asn or is pL or (3D Asp and *Glx is olD Glu or Gin or yL or vD Glu. The protein 

^ may be aggrecan, CLP, COMP, or CILP or said fragment is a fragment of aggrecan, CLP, COMP. or CTI P 
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ASSAY OF ISOMERISED AND/ OR OPTICALLY INVERTED 
PPOTF.TNS AWT> PROTF -TW FRAGMENTS 

The present invention relates to immunoassays for non- 
5 collaoen cartilage proteins and their fragments in biological- 
samples such as a body fluids. Such proteins and protein 
fragments may serve as an index of joint disease. 

Rheumatoid arthritis (RA) is a severe chronic and 
progressive ' disease affecting approximately 1% of the 
10 population in both the industrialised and the developing 
world (Harris 1993). Although both environmental, genetic 
and developmental factors have been implicated in the 
aetiology of RA, it is now generally accepted that RA is an 
autoimmune disease. Osteoarthritis (OA)' is a chronic disease 
15 affecting more than 8% of the population in the 
industrialised world. This disease also affects the 

articular cartilage of joints, and although an immune 
component has been observed as part of the disease 
pathoohysiology, OA is not viewed as an autoimmune disease. 

The ma D or clinical manifestation of RA as well as OA is 
an abnormal and degraded cartilage.. However, until now it 
has been difficult to directly assess ' the ongoing cartilage 
destruction in arthritis patients, because specific markers 
for this process have not been available in the clinical 
25 practice (Meller 1998). At clinical diagnosis of RA, the 
' patients are scored according to the disease symptoms and 
function impairment such as pain, and mobility problems 
caused by the joint destruction. Even though a number of 
standardised rating systems have been introduced, it is 
30 difficult to quantify these parameters (Stucki et al 1997) . 
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Other markers used for • assessment of RA patients, such as C- 
reactive protein and Rheumatoid factors are specific for the 
inflammatory process involved in the disease, but are not 
directly related to the level of cartilage destruction and 
they are not- specific for RA (Wollheim 1996) . At present one 
of the best ways to obtain information about the status of 
the (individual) joints in arthritis patients is radiological 
examinations. 

Measurement of metabolites, such as hyaluronates and 
aggrecan fragments arising from destruction of the- joints 
affected by the disease have been reported (Moller 1998, 
W.ollheim 1996) . The "clinical usefulness of these .markers, 
however, remains to be proven. 

This invention is based . upon a new approach for 
identifying markers of cartilage degradation, and for 
development of diagnostic and . prognostic assays for 
monitoring joint diseases. We have shown that specific 
components of articular cartilage are prone to isomerisation 
and/or optical inversion (Fig.l) and we have identified 
specific isomerisation/optical inversion prone sites in 
several cartilage proteins. We have also demonstrated that 
isomerised and/or optically inverted fragments of cartilage 
protein are found in circulation, and that measurements of 
such fragments provide an index of ' j oint cartilage 
degradation. 

Aspartic acid and asparagine (Asx) and glutamic acid and 
.glutamine (Glx) residues will in some susceptible proteins 
undergo a spontaneous re - arrangement where the normal peptide 
bond between the Asx and Glx residue and the adjacent residue 
is transferred from the normal a-carboxyl group to the (3- 
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carboxyl group (Y-carboxyl group for the Glx residues) of 
the side chain (Clarke 1987) . The isomerisat ion reaction 
proceeds via . an imide intermediate, which upon spontaneous 
hydrolysis may result in one of four forms: the normally 
occurring ctL, the isoform pL, or the two optically inverted 
forms cxD and PD as outlined in the following reaction scheme 
for aspartic acid-glycine . (The reaction occurs analogously 
for other susceptible Asx and Glx containing sequences) : 
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The attack by the peptide backbone nitrogen on the side 
chain carbonyl group of an adjacent aspartyl residue can 
result in the formation of an imide ring, (A -» B) . The imide 
ring is prone to hydrolysis and optical inversion yielding 
peptides and isopeptides in both the D and L configurations. 
Optical inversion proceeds through a carbanion. intermediate 
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(£>, E and F) either through direct proton abstraction (A «-> D 
<-> G or C <-> F «-> J) or via the imide pathway (B E H) . • 
Throughout the figure the peptide backbone is shown as a bold 
line . 

However, in order for cyclic imide formation (and 
isomerisation/opt ical inversion) to occur, the three 
dimensional structure surrounding the Asx or Glx residues 
must have an optimal conformation and sufficient flexibility 
(Geiger and' Clarke 1987) . 

Studies indicate that optical inversion of Asx residues 
in peptides and proteins primarily proceeds through the imide 
pathway (B <-> £ H) (Geiger and Clarke 1987, Radkiewics et 
al . 1996). However, other pathways such as direct proton 
abstraction or imino-5-lactone formation may also contribute 
to optical inversion (Radkiewics et al . 1996) . These 
pathways are however assumed to be of less importance (Geiger 
and Clarke 1987, Radkiewics et al 1996) . 

Isomerisation and optical inversion r via the imide 
intermediate as outlined above is a " spontaneous reaction 
occurring with a slow rate under physiological conditions 
(Geiger & Clarke 1987, Fledelius et al . 1997). As for all 
chemical reactions, the reaction speed can be accelerated by 
increasing temperature. 

The introduction of such structural changes in a protein 
or peptide has profound effects -on its function, stability and 
physical and chemical properties. Among other properties, the 
proteolytic degradation of proteins and . peptides containing 
isomerised peptide bonds and/or optically inverted amino acids 
is significantly reduced compared to proteins and peptides 
composed exclusively of aL amino acids (Rafferty et al . 1988). 
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Thus, protein fragments containing such modifications are hot 
degraded to the same extent during normal tissue turnover (Van 
Regenmortel & Muller 19 98) and they are much more likely to be 
present in circulation in measurable concentrations. 
Furthermore, by measuring proteins or protein fragments 
containing isomerised and/or optically inverted peptide 
linkages, newly synthesised molecules will not contribute to 
the measurements, and it will thus reflect ongoing degradation 
processes . 

In WO96/30765, we disclosed that isomerised fragments of 
Type I collagen provided an improved index of bone resorption. 
It was further disclosed that Type II collagen (as found in 
cartilage) also contained potential isomerisation sites. 

We have demonstrated that articular cartilage, a tissue 
with a very slow metabolism, contain non-collagen proteins 
which are subject to isomerisation and optical inversion and 
we- have demonstrated that measurement of these proteins, or 
fragments thereof, can provide an index of joint cartilage 
degradation of diagnostic potential for assessing and 
monitoring joint diseases such as RA and OA. 

The present invention provides a method of assay, 
comprising measuring in a biological sample such as a body 
fluid or tissue sample the amount of an isomerised or 
optically inverted non- collagen protein derived from cartilage 
or of one or more isomerised or optically inverted fragments 
from such a protein. 

Proteins of particular interest include aggrecan and 
Cartilage link protein. 

Aggrecan is a major structural component of articular 
cartilage, and has been studied for the potential as a 
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biomarker for assessment of joint disease, as well as for a 
putative role as an autoantigen in RA and animal models of the 
disease (Poole & Dieppe 1994, Giant et al . 1998). 

The protein is a heavily glycosylated large protein 
comprising more than 2000 amino-acid residues. Aggrecan is 
structurally organised in three distinct domains: Gl, G2 and 
G3 . The Gl • domain . is commonly mentioned as the primary 
immunogenic domain in aggrecan (Giant et al . 1998). This 
globular domain serves as u linker" to the hyaluronic acid 
polymer, and is also in contact with the Cartilage link 
protein (CLP) . Characteristic epitopes which have been 
identified as targets for the immune system in animal models 
of arthritis and also as specific cleavage sites for 
aggrecanase or stromelysin in the Gl domain are: . . N< 3 68) ITEGE 
(containing a consensus sequence for N- linked glycosylat ion) ; 
374ARGSVI . . ; . .VDIPEN 341 (Dudhia et al . 1996). Furthermore, it 
has been ' described that aspartic acid in aggrecan is 
susceptible to racemization (Maroudas et al . 1998). 

We have ident if ied ' the asparagine . residue in the -epitope 
GRVRVNSAY from the Gl domain of aggrecan (denoted AG1-1) as 
an isomerisation/optical inversion susceptible site. In the 
examples below, we present experimental and clinical data 
supporting the clinical value of measurements of isomerised 
.and/or optically inverted AG1-1 for monitoring RA. 

Cartilage link protein (CLP) is associated with 
hyaluronan and aggrecan, and probably serves an important 
function in anchoring aggrecan firmly to the hyaluronan 
polymers. The molecule binds to the Gl domain of aggrecan, 
and it also shares structural similarities with this protein 
(Poole & Dieppe 1994). Cartilage link protein has received 
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little attention as a potential marker of cartilage 
destruction, but autoimmunity against this cartilage protein 
has been shown to induce RA in an animal model of the disease 
(Zhang et al . 1998) . However, the protein may be a good 
marker of the late destruction, occurring when the aggrecan 
has been degraded to a sufficient extent for allowing access 
to the link protein (and Gl domains) . The link protein is 
also capable of inducing autoimmune arthritis in rodents, and 
immuno- dominant epitopes have been localised to the N- 
terminus of the protein as well as to the two regions shared 
by aggrecan (and hyaluronan binding proteins of the Central 
Nervous - System (CNS) , such as neurocan and brevican/BEHAB) , 
which contains the putative consensus sequences for 
hyaluronan binding. One of these sequences has been selected 
for use as exemplification herein. A potential isomerisation 
site is underlined. An amino acid difference (conservative 
substitution) to the G2 domain of aggrecan is indicated in 
bold: 

AGWLADGSVRY P I 

Cartilage oligomeric matrix protein (COMP) is a non- 
collagenous glycoprotein (Neidhart et al . 1997). Its 
physiological role is uncertain. • Increased levels of COMP 
have been seen in early OA and in RA patients with early, 
rapidly progressive joint destruction, decreasing later. 

Cartilage intermediate layer protein (CILP) is non- 
collagenous cartilage protein composed of a single 
polypeptide chain with a molecular weight of 91.5 kDa , 
including N-linked oligosaccharides (Lorenzo et al . 1998a and 
1998b) . 
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The protein is synthesized by chondrocytes and located 
to the interterritorial cartilage. It is neither found in the 
superficial nor deepest regions of the articular cartilage. 
- CILP has been reported to increase with age and has been 
5 suggested to be a. marker of early OA. 

Preferably, the method determines the amount of at least 
one *Asx or *Glx containing protein or protein fragment in 
said biological sample, wherein *Asx is aD Asp or Asn or is 
PL or PD Asp and *Glx is aD Glu or Gin or yL or yD Glu. 
10 Preferably, ■ there is a glycine' or serine adjacent the 

Asx/Glx in the native protein, as this facilitates 
isomerisation or optical inversion. 

Said protein is- preferably aggrecan, CLP, COMP, or CILP 
or said fragment is a fragment of aggrecan, CLP, COMP, or 
15 . CILP. 

Preferably the method measures the amount- .of at least 
one protein or protein fragment containing the aggrecan 
.derived amino acid sequence: 
Gly-Arg-Val-Arg-Val-*Asx-Ser-Ala-Tyr, 

2 0 

or the amount - of at least one protein or protein fragment 
containing the aggrecan derived amino acid sequence: 
Tyr-Leu-Ala-Trp-Gln-Ala-Gly-Met - *Asx-Met -Cys-Ser-Ala-Gly-Trp, 

25 or the amount of at least one protein or protein fragment 
containing the CLP derived amino acid sequence: 
Ala-Gly-Trp-Leu-Ala- *Asx-Gly- Ser-Val - Arg . 



30 



Said measurement is preferably carried out using an 
immunological binding partner which specifically binds an 
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amino acid sequence comprising *Asx or *Glx flanked by amino 
acid residues of a non-collagen cartilage protein. The 
immunological binding partner should discriminate between the 
sequence containing *Asx .or • *Glx and the corresponding 
sequence containing aL Asx or aL Glx . to a degree adequate to 
provide a useful assay. The cross-reactivity of assay/ 
antibody towards the corresponding ccL-form of the antigen/ 
epitope should be less than 25%, preferably less than 5%. 

Suitably, the immunological binding partner is an 
antibody raised against a synthetic peptide having an amino 
acid sequence comprising *Asx or *Glx flanked by amino acid 
residues of a non-collagen cartilage protein, or fragments of 
such an antibody having immunological binding specificity to 
said peptide . 

The amino acid sequence of the peptide therefore 
preferably corresponds to a characteristic sequence of said 
protein, with *Asx or *Glx substituting for aL Asp, Asn, 
Gin, or Glu in said protein sequence, i.e. to a sequence 
essentially unique to the protein in question. Suitably the 
peptide is from 6 to 50 amino acids in length, e.g. from 6 to 
15 amino acids in length. 

The measurement may be used to provide an index of joint 
disease. This may serve as an aid to initial diagnosis or 
assessment of severity or to monitor the effect of a 
treatment . 

The invention includes a method as described above 
further comprising carrying out a measurement of a second 
index of joint disease and determining the value of a 
parameter mathematically combining said two indices. The 
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second index may also be derived by a method according to . 
this invention. 

The invention includes the use in an assay of an 
isomerised or optically inverted non-collagen protein derived 
5 from cartilage or of one or more isomerised or optically 
inverted fragments from such a protein. The invention also 
includes the use of an immunological binding partner " which 
specifically binds an amino acid sequence comprising *Asx or 
*Glx flanked by amino acid residues of a non-collagen 

10 cartilage protein in an In vitro method for the .diagnosis or 
the assessment of the severity of OA or RA-. 

The invention further provides an immunological binding 
partner which specifically binds an amino acid sequence 
comprising- *Asx or *Glx flanked by amino acid residues of a 

15 non- collagen cartilage protein." The invention further 
includes a cell line producing a monoclonal antibody which is 
such an immunological binding partner. 

The invention further provides a peptide preferably .of 
up to 50 amino acid residues, more preferably of up to 20, 

20 e.g. of 6 to 50 or more preferably of 6 to 15, amino acids in 
length containing *Asx or *Glx flanked by amino acid residues 
of a non-collagen, cartilage protein and the use of such a 
peptide in an assay for protein or protein fragments. 

The invention includes a method of immunoassay in which 

25 • a biological sample is contacted with an immunological 
binding agent in the presence of such a peptide acting as a 
competition agent for binding to said immunological binding 
agent . 

The invention includes a test kit comprising (a) an 
30 immunological binding partner as defined above or (b) a 
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peptide as described in combination the other of (a) or (b) 
and optionally in combination with one or more of apparatus 
in which to perform an immunoassay, an antibody -enzyme 
conjugate, a substrate for an enzyme component of an 
5 antibody -enzyme conjugate, an enzyme- substrate reaction 
stopping composition, a wash solution, a carrier bound to 
said binding partner or a detectable label bound to said 

binding partner. 

The invention is not limited to enzyme- immunoassays but 
10 includes any procedures for immunoassay known in the art. 

The immunological binding partner may be a monoclonal or 

polyclonal antibody. 

Suitable immunological binding .partners also include 
fragments of antibodies capable of binding the same antigenic 
15 determinant including Fab, Fab' and,F(ab') 2 . fragments. 

The assay may take many forms including ELISA, RIA, or 
IRMA, procedures for which are too well known to warrant 
description here. The assay may be in homogeneous or 
heterogeneous format . 
20 In a- competition assay, a peptide as described above may 

be used to compete for an immunological binding partner with 
one or more isomerized or optically inverted proteins or 
peptides in the sample. In an ELISA of this type, an 
isomerised and/or optically inverted synthetic peptide may be 
25 immobilised on a solid support. A sample may be incubated 
with a monoclonal, or polyclonal antibody . reactive with the 
synthetic peptide in contact with the solid support and after 
washing, a peroxidase -conjugated (revealing) antibody may be 
added. After further incubation, a peroxidase substrate 
3 0 solution is added. By competition, isomerised or optically 
• inverted protein or peptide in the sample reactive with the 
antibody inhibits the peroxidase reaction. 
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Alternatively, the synthetic peptide may be used to raise 
a monoclonal immunological binding partner." The synthetic 
peptide need not then be a competing agent in the assay. For 
instance, enzymatically fragmented cartilage protein (such as 
5 aggrecan) may be purified and immobilised onto the solid 
support and an EL-ISA may be carried out using a monoclonal 
antibody. 

The invention may be applied both to humans and to 
animals . 

10 Suitable body fluids include, human or animal urine, 

blood, serum,, plasma and synovial fluid. It is contemplated 
that the method may also be used e.g. on- saliva and sweat. 
The body fluid, may be ' used as it is, or it may be purified 
prior to the contacting step. This purification . step may be 

15 accomplished using a number of standard procedures, including,, 
but not limited to, cartridge adsorption and elution, 
molecular sieve chromatography, dialysis, ion exchange, 
alumina chromatography, hydroxy apatite chromatography, and 
combinations thereof . 

2 0 The preparation of synthetic peptides containing an 

isomerised . peptide bond and/or optically inverted amino acid 
residue may be performed according to procedures well known in 
the art, e.g. by solid-phase peptide synthesis techniques 
commonly described as "Merrifield synthesis". Also classical 

2 5 solution phase techniques may be used. The conventional 
peptide synthesis method may produce" a mixture of the various 
peptide isoforms (aL, EL, aD, SD, yL, yD) . Generally such a 
mixture will be satisfactory . as the normal peptide will be' 
inert in the assay. However, heating of a pure preparation of-. 

30 the aL-form will generate isomerised, optically inverted' 
isoforms . 

The methods for preparation of both monoclonal and poly- 
clonal antibodies are well known in the art. For example, see 
Campbell 1986. It is possible to produce antibodies to 
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synthetic isomerized and/or optically inverted peptides by 
immunisation. However, because of the relatively small 
molecular weight of these compounds it is preferred that the 
hapten be conjugated to a carrier molecule. Suitable carrier 
molecules include, but are not limited to, bovine serum 
albumin, thyroglobulin, ovalbumin, tetanus toxoid, and keyhole 
limpet hemocyanin.. The preferred carrier is bovine serum 
albumin or thyroglobulin. To present the hapten in its most 
immunogenic form to the antibody producing cells of the 
immunised animal a number of alternative coupling protocols 
can be used. Suitable procedures include, but are not limited 
to, glutaraldehyde, carbodiimide , and periodate. Preferred 
binding agents are glutaraldehyde . and carbodiimide. 

The preparation of antibodies may be carried out by 
conventional techniques including immunisation with - protein 
fragments containing natural isomerization and/or optical 
inversion or synthetic peptides conjugated to a carrier. To 
improve the immunogenicity it is preferred that the immunogen 
be mixed with an adjuvant before injection. Examples of 
adjuvants include, .but are not limited to, aluminium 
•hydroxide, Freund's adjuvant, and immune- stimulating complexes 
(ISCOMs) . ISCOMs can be made according to the method 
described by Morein 1984. 

Either monoclonal or polyclonal antibodies to the hapten- 
carrier molecule can be produced. For the production of 
monoclonal antibodies it is preferred that mice are immunised. 
Spleen cells from the immunised mouse are harvested, homo- 
genised, and thereafter fused with cancer . cells in the pre- 
sence of polyethylene glycol to produce a cell hybrid which 
, produces monoclonal antibodies specific for isomerized and/or 
optically' inverted peptide fragments. .Suitable cancer cells 
include, but are not limited to, myeloma, hepatoma, carcinoma, 
and sarcoma cells. Detailed descriptions of the production of 
monoclonal antibodies are provided in Coding 1986. A 
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preferred preliminary screening protocol comprises the use of 
synthetic isomeri zed and/or optically inverted peptides 
conjugated to a carrier and coated on to the solid surface of 
a microtitre plate. 
5 For the preparation of . polyclonal antibodies, which are' 

reactive with isomerized . ahd/or optically inverted peptide 
fragments, different animal species can be immunised. 
Suitable species "include, but are not limited to, chicken, 
rabbit and goat. Chicken and rabbit are preferred. 

10 Antibodies so produced may be screened for suitability 

for use according to the invention by testing for reactivity 
with an isomerised and/or optically inverted synthetic peptide 
of appropriate sequence. 

Antibody fragments are prepared by methods known in the 

15 art (Ishikawa 1983) . 

Accordingly, by utilisation of an immunoassay with the 
antibodies prepared as above it is possible to assay a bio- 
logical sample such as a body fluid without prior 
fractionation or hydrolysis. The specificity for the desired 

2 0 fragments in the biological fluid may be supplied by . the 
antibody in combination with. the use of a synthetic isomerized 
and/ or optically inverted peptide (against which the antibody 
was raised or in any event with which the antibody is 
immunochemically reactive) in the assay construction. 

2 5 As an alternative the immunoassay may be performed using 

a' monoclonal antibody. This assay design shifts the 

specificity of the assay from the antigen (synthetic peptide 
isomer of the protein) to the antibody (from rabbit antiserum 
to monoclonal antibody) . Using this construction the assay 

30 does not need to make further use of a synthetic peptide 
isomer. This version of the immunoassay is suitably performed 
by incubating the patient sample or a standard solution with a 
peroxidase-conjugated antibody solution in a microtiter plate 
precoated with purified protein, protein fragments, synthetic 
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peptides or conjugates thereof. After washing, the wells of 
the plate are incubated in the dark with a substrate solution. 
The colour reaction is stopped by the addition of a stopping 
solution, and finally the.' absorbance • is measured: 
5 Alternatively one or more monoclonal antibodies may be used in 
a ' sandwich assay format . 

- The immunoassays themselves may be conducted using any 
procedure selected from the variety of standard assay proto- 
cols generally known in the art. As it is generally under- 
10 stood, the assay is constructed so as to rely on the inter- 
action between the specific immunological binding partner and 
the desired analyte for specificity and to utilise some means 
to detect the complex formed by the analyte and the immuno- 
logical binding partner. The immunological binding partner 
15 may be complexed to a solid support and used as a capture 
immunological binding partner for the analyte. This protocol 
may be run in a direct form, wherein the formation of analyte- 
immunological binding partner complex is detected, e.g. by a 
fluorescent, radioactive or enzymatic label, or it may be run 
2 0 in a competitive format wherein a labelled standard competes 
with the analyte for the immunological binding partner. The 
format may also be constructed as an agglutination assay or 
the complex may be precipitated by addition of a- suitable 
precipitant to the reaction mixture. The specific design of 
25 the immunoassay protocol is open to a wide variety of choice, 
and the number of clinical assay devices and protocols avail- 
able in the art is multitudinous. For a variety of such 
protocols, see US. Patent No. 5001225. 

The antibodies and revealing reagents for the conduct of 
3 0 an immunoassay using standard detection protocols, for example 
radioisotope labelling, fluorescent labelling or ELISA, either 
in a direct or competitive format, may conveniently be 
supplied as kits which include the necessary components and 
instructions for the assay. In one embodiment of the inven- 
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tion such a kit includes a microtiter plate . coated with a 
relevant synthetic isomerized or optically inverted peptide, 
standard solutions for preparation of standard curve, a body 
fluid (e.g. urine) control for quality testing of' the 
analytical run, rabbit antibodies reactive with the above 
mentioned synthetic .peptide isomer, ant i -rabbit immuno- 
globulins conjugated to peroxidase, a substrate solution, a 
stopping solution, a washing buffer and an instruction manual. 

Since immunoassays can be constructed using antibodies 
and specific synthetic isomerized peptides, the ratios of the 
corresponding protein fragment sequences in an appropriate 
biological fluid can be determined as well as their individual 
levels and their total amount. Thus, the assay can be 
designed to include ' antibodies which will result in 
determination of several isomerised and/or optically inverted 
peptides and optionally the native peptide sequences or 
determination of a single isomerised and/or optically inverted 
peptide sequence, or any desired combination thereof. 

The invention will be further" described and. illustrated 
by the following non-limiting examples in which reference is 
made to the accompanying drawings, in which: - 

Figure 1 shows HLPC traces showing the effect of heating 
a synthetic peptide in generating isomerised and optically 
inverted peptide forms; 

Figure 2 shows the results of an ELISA (AG1-1 ELISA) 
demonstrating the specificity for isomerised or optically 
inverted peptide of<a polyclonal rabbit antiserum;' 

Figure 3 shows the results of an ELISA (AG1-1 ELISA) 
demonstrating the specificity for isomerised or optically 
inverted peptide of a monoclonal rabbit antiserum ; 

Figure 4 shows the result of applying the ELISA of Figure 
2 to serum and synovial fluid samples; 
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Figure 5 shows the result of applying the AG1-1 ELISA to 
patients with juvenile rheumatoid arthritis and controls 
(Example 6) ; 

Figure 6 shows the result of applying the AG1-1 ELISA to 
osteoarthritis patients and controls (Example 7.) ; 

Figure 7 shows the result of applying the AG1-1 ELISA to 
osteoarthritis patients and controls (Example 8) ; 

Figure 8 shows the result of applying the CLP assay of 
Example 4 to serum from RA patients and controls, and synovial 
fluid samples (Example 9) ; 

Figure 9 shows the result of applying the CLP ELISA to 
serum samples from OA patients and controls (Example 10) ; and 

Figure 10 shows the ratios of AG1-1 ELISA CLP ELISA 
results for OA patients and controls (Example 11) . 

Example l: I somerisat ion of Synthetic' AG1 - 1 Peptides: 

The AG1-1 peptide GRVRVNSAY was synthesised, and 
dissolved in phosphate buffered saline to 1 mg/ml . . The 
peptide solution was heated to 90°C for 4 hours to promote 
isomerisation/optical inversion. Reverse-phase HPLC was 

performed to analyse the peptide preparations before and after 
heating. . 

Figure 1 shows the results of RP-HPLC of a 1 mg/ml AG1-1 
peptide preparation before (lower trace) and after (upper 
trace) heating at 9 0 °C for 4 hours. 

This demonstrates that heating induces 3 new forms of the 
peptide with retention times in RP-HPLC in accordance with 
(3L,aD and £D forms. 
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Example 2: Gener ation of Ant i sera for a BL, form of an Epitonp 

Derived from t he Gl Domain of Aogrecan and Analysis of 

Specificity 

5 A CDI conjugate of the AG1-1 ' peptide was prepared 

essentially according to Hermanson 1996. Briefly, CDI 

conjugates are prepared as follows: One-hundred mg of 
thyroglobulin is dissolved in 10 ml to a concentration of 10 
mg/ml in 0.05 M MES , 0.5 M NaCl , pH 6.0. One-hundred /il of 

10 the two following reagents (to a final concentration of 4 mM 
CDI, corresponding to approximately 100 fold . molar excess of 
CDI to thyroglobulin, and -10 rnM NHS) is- added, and the 
solution is left to mix 15 min at room temperature (18-22°C) . 
CDI: 0.4 M CDI ' stock: 7 6.7 mg is 1 ml water prepared 

15 immediately prior to use. NHS : 1 M sulfo-NHS stock: 217.1 mg 
in 1 ml water prepared immediately prior to use. 

Excess cross-linking ' reactants are removed by 'gel- 
filtration on four NAP25 de-salting columns (Pharmacia, 
Sweden) into 10 mM Na-Phosphate pH 9.0. The de-salted 

2 0 activated thyroglobulin is pooled and divided "into 6 portions 
of 2 ml. Immediately following the gel - filtration , peptide 
solutions (2 ml 4 mg/ml in 0.1 M ■ Na- Phosphate pH 9.0) are 
added to each vial. A control conjugation is carried out -with 
an irrelevant peptide. The coupling reaction is allowed to 

2 5 proceed for two hours at room temperature.' 

Each conjugate is changed into PBS (pH 7.4) by gel- 
filtration on Sephadex G2 5 columns (Pharmacia, Sweden) , and 
the concentration is adjusted to 2 mg/ml in PBS. 

Rabbits (strain SSC :CPH), are immunised subcutaneously 

3 0 with 1 ml 0.2 5 mg/ml of the vaccine in phosphate buffered- 

saline (PBS), containing 50% Freunds incomplete adjuvant. 
Rabbits are boosted after initial immunisations at two week 
intervals. After the three first boosts, subsequent booster 
■ immunisations are performed at one month intervals. Pre- 
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immune bleed is collected before" immunisation and test bleeds 

are collected one week after the 2 nd immunisation to monitor 

serum antibody levels. Bleeds are subsequently collected one 

week after the 5 th and 6 th immunisation. 
5 The specificity of the rabbit bleeds are tested on a MTP 

coated with a 10 ng/ml BSA-BS 3 -AG1 - 1 conjugate. The BS 3 
conjugation is performed as follows: 

The AG1-1(3 peptide ( GRVRVD - p - SAY) is dissolved in 
freshly filtered PBS to 2 mg/ml . The carrier protein (BSA, 
10 Bovine serum albumin) is prepared in 3 mg/ml concentration in 
PBS. 200 ul of carrier protein is mixed with 200 ul peptide 
solution in a 1.5 ml polypropylene tube (Eppendorf, Germany). 
This corresponds to approximately 50 fold molar excess of 
peptide to carrier protein: BS 3 (Bis- (sulf osuccinimidyl ) 
15 suberate) is prepared freshly in a 6 mg/ml solution in 5mM 
sodium-citrate pH 5.0, 50 ul of the cross-linker is added to 
the carrier and peptide solution, which is vortexed and 
placed on a mixer at room temperature (this corresponds to 25 
fold molar excess, of cross-linker compared .to carrier 
20 protein). After 30 min incubation, 50 ul 0.25 M glycine pH 
7.5 is added to the solutions. The incubation is continued 
for 15 min., whereafter the conjugates are desalted on ' NAP 5 
column (Amersham Pharmacia, Uppsala, Sweden) and protein 
concentrations are determined. 
25 The rabbit antiserum is diluted in PBS containing 1% BSA 

•and 0.1% Tween in a suitable dilution for obtaining an 
appropriate ELISA signal. The bound antibody in this 

competitive assay format is detected by use of a secondary 
peroxidase conjugated goat anti-rabbit antibody and a 
30 chromogenic peroxidase substrate. 
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A serum assay was developed using an AG1-1 antiserum. 
This assay was performed as a competitive assay on plates 
coated with 10 ng/ml BSA-BS 3 -AG1- 1 . Twenty ul sample or 
calibrator is pipeted in the wells followed by addition of 
100 ul AG1-1 specific antibody suitably diluted in 300 mM 
Tris; 0.1 % Tween 20; 1 % BSA, pH 8.0 (TBT) . The plate is 
incubated' for 60 min at 20°C / washed five times in (TBT) , and 
100 ul of a secondary peroxidase conjugated goat anti rabbit 
antiserum suitably diluted in 100 mM Tris pH 7.4, 0.4 g/1 4- 
Amino-anti-pyrine , 0.012 % Bronidox (bacteriostatic agent), 
0.1 % Tween 20 and 20%. fetal calf serum (K5 buffer) is added 
to each well. The plate is incubated 60 min" at 20°C washed 
five times in TBT and the amount of bound antibody is 
quantified by the use of a chromogenic peroxidase substrate. ■ 

Figure 2 shows compet it ion of binding in an AG1 - 1 
specific EL ISA performed with BSA-BS 3 -AG1-1 coated plates, a 
polyclonal AG1-1 specific rabbit antiserum and preparations 
of AG1-1 peptide subjected to .no "boiling" (Triangles) or 
heating at 90°C for 4 hours (Squares) . The AG1-1 ELISA shows 
a seven- fold higher reactivity with the "boiled" peptide 
preparation compared with the non-boiled form. 

The preference of the AG1-1 specific antiserum towards 
the "boiled" form of the peptide suggests that it 
preferentially recognises one or more of the isomerised 
and/or optically inverted form (PL, ccD or PD) . 

Example 3 : Generation of Monoclonal antibodies specif ic for a 
BL form of an Epitope Derived from the Gl Domain of Aoarecan 
and Analysis of Specificity 

A CDI conjugate of the AG1-1 peptide was prepared' 
essentially according to Hermanson 1996. Briefly described 
with CDI conjugates are prepared as follows: One-hundred mg of 
thyroglobulin is dissolved in 10 ml to a concentration of 10 
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mg/ml in 0.05 M MES , 0.5 M NaCl , pH 6.0. One-hundred fil of 
the two following reagents (to a final- concentration of 4 mM 
CDI , corresponding to approximately 100 fold molar excess of 
CDI to thyroglobulin, and . 10 mM NHS) is added, and the 
solution is left to mix 15 min at room temperature (18-22°C) . 
CDI: 0.4 M CDI stock: 76.7 mg is 1 ml water prepared 
immediately prior to use. NHS: 1 M sulfo-NHS stock: 217.1 mg 
in 1 ml water prepared immediately prior to use. 

Excess cross -linking react ants are removed by gel- 
filtration on four NAP 2 5 de-salting, columns into 10 mM Na- 
Phosphate pH 9.0. The de-salted activated, thyroglobulin is 
pooled and divided into 6 portions of 2 ml. Immediately 
following the gel-filtration peptide solutions: 2 ml 4 mg/ml 
in 0.1 M Na- Phosphate pH 9.0 are added to each vial. A 
control conjugation is carried out with an irrelevant peptide. 
The coupling reaction is allowed to proceed for two hours at 
room temperature. 

Each conjugate is changed into PBS (pH 7.4) by gel- 
filtration on Sephadex G25 columns (Pharmacia,. Sweden), and 
the concentration is adjusted to 2 mg/ml in PBS. 

Mouse (female strain BalbC x CF1) are immunised 

subcutaneously with 2 00 ul 0.125 mg/ml of the vaccine in 
phosphate buffered saline (PBS) , containing 50% Freunds 
incomplete adjuvant. Mice are boosted after initial 

immunisations at two-week intervals for a total of 8 weeks. 
Pre- immune bleed is collected before immunisation and test 
bleeds are collected one week after the 2 nd immunisation to 
monitor serum antibody levels. Bleeds are subsequently 
collected one week after the 5 th and 6 th immunisation. 

The specificity, of the mouse serum samples were tested on 
a MTP coated with a 10 ng/ml BSA-BS 3 -AG1 - 1 conjugate. The 
mouse serum was diluted in' PBS containing 1% BSA and 0.1% 
Tween in a suitable dilution for obtaining an appropriate 
EDISA signal. The bound antibody in this competitive assay 
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format was detected by use of a secondary peroxidase 
conjugated rabbit ant i -mouse antibody and a chromogenic 
peroxidase substrate . 

Monoclonal -antibody producing hybridomas were prepared 
5 essentially as described -by Kohler and Milstein (22 ) with the 
modifications described previously (7,23) . Spleen cells from 
mice were fused with Ag8'X 63.653 myeloma cells (24) at a 
ratio of approximately 2:1 (spleen : myeloma) in the presence 
of 47% polyethylene glycol (PEG) and 7.5% dimethyl sulphoxide 

10 (DMSO) . The spleen cells were plated in human endothelial 
culture supernatant (HACS f Costar, Fl , USA) . Following 
selection in hypoxanthine-aminopterin- thymidine -(HAT) 
containing medium, culture supernatants were screened for 
antibodies recognizing collagenase digested collagen type II 

15 in an indirect ELISA performed essentially as described (7) . 
Selected cell lines were cloned at least three times and 
propagated in RPMI-1640 media containing 2 % fetal calf 
serum. Monoclonal antibodies were isolated from the culture 
supernatants by affinity chromatography using protein A 

2 0 chromatography performed according to the manufacturers 
instructions (Pharmacia, Uppsala, Sweden) . Briefly described 
a 10 x 1 cm (10 ml) column of Protein A Sepharose 4B was 
packed and equilibrated in 0.1 M tris pH 8 . 8 . 2 1 of culture 
supernatant is filtered through a Nalgene 0.45un filter, and 

25 200 ml of 1 M Tris pH 8.8 is added. The culture supernatant 
is loaded on the column at 1 ml/min followed by washing of 
the column with 100-150 ml 0.1 M Tris pH 8.8. Bound 
immunoglobulins are eluted with 0.1 M glycine pH 3.0 into 
• vials containing 50 ul 1M Tris pH 8.8. The subclass of 

30 monoclonal antibodies was determined using the IsoStrip™ 
isotyping kit (Boehringer Mannheim GmbH, Munich, Germany) . 

A serum assay was developed using an AG1-1 monoclonal 
antibody (termed- MabF49) . This assay was performed as a 
competitive assay ' on St rept avidine coated microti tre -plates 
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plates (Exiqon, Trorod, Denmark) . The plates are washed three 
times in washing buffer (25 mM Tris, 51 mM NaCl , 0.1% tween 
20, pH 7.2) and incubated with 100 ul/well of biotinylated 
AGl-lpL peptide (biotin-GRVRVD- P~ SAY) diluted to a 
5 concentration of 1.25 ng/ml in PBS containing 0.1 % tween 20. 
After 30 in incubation at. 20° on a shaking ' table (300 RPM) , 
fifty ul sample or calibrator is pipetted in the wells 
followed by addition of 100 ul .AG1-1 specific monoclonal 
antibody F4 9 diluted in: 

10 100 mM Tris, 50 mM MES , 50 mM CaC12 , 5% Sorbitol, 1% 

BSA, 0.02. % Tween 20, O.4.. g/1 4 -Amino- ant i-pyrine , 0.012 % 
Bronidox (bacteriostatic agent) pH 6.0 (assay buffer) . The 
plate is incubated overnight (18-24 hours) at 4°C, washed 
five times in washing buffer,, and 100 ul of a secondary 

15 peroxidase- conjugated- rabbit anti mouse antiserum suitably 
diluted in assay buffer is added to each well. The plate is 
. incubated 60 min at 20°C washed five times in TBT and the 
amount of bound antibody is quantified by the use of a 
chromogenic peroxidase substrate. 

20 Figure 3- shows competition of binding in an AG1-1 

specific monoclonal EL1SA performed as described above and 
preparations of the non isomerized (aL) and isomerized (PL) 
forms of the AG1-1 peptide ( GRVRVNS AY ) . or a control peptide 
derived from collagen type I C- 1 elopeptides (EKAHDGGR, CTx) . 

25 The AG1-1 EL1SA shows more than a 500-fold higher reactivity 
with the isomerized PL peptide preparation compared with the 
aL form. 

Example 4 : Generation of an antiserum specific for a 
3 0 Cartilage Link Protein (CLP) derived epitope. 



A CDI conjugate of the CLP derived peptide: Ala-Gly-Trp- 
Leu-Ala-Asx* -Gly-Ser-Val -Arg coupled to thyroglobulin was 
prepared as described in example 2 . The CLP peptide was 
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heated at 90 °C for 4 hours prior to the conjugation in order 
to promote isomerisation and/or optical inversion. The Thy- 
CDI-CLP .conjugate was used for immunization of rabbits as 
described in example 2 . 
5 Separate conjugates were prepared for primary screening 

of the rabbit bleeds. This was done using a BS 3 succinimide 
covalent cross-linker and BSA as carrier protein (according 
to: Greg T. Hermanson, % Bioconjugate" techniques' . 1996, 
Academic press, San Diego, USA) . 

10 The specificity of the rabbit bleed was tested on a MTP 

coated with a 10 ng/ml BSA-BS 3 -CLP conjugate. The rabbit 
antiserum was diluted in PBS containing 1 % BSA and 0.1 % 
Tween in a suitable dilution for obtaining an appropriate 
ELI SA signal. The bound antibody in this competitive assay 

15 format was detected by use of a secondary peroxidase 
conjugated goat anti rabbit antibody and a chromogenic 
peroxidase substrate. 

The best responding rabbit . antiserum was selected for 
development of a CLP specific assay. This assay was performed 

20 as a competitive assay on plates coated with 10 ng/ml BSA- 
BS 3 -CLP. Twenty jil sample or calibrator is pipeted in the 
wells followed by addition of 100 \il CLP specific antibody 
suitably diluted in 300 mM Tris; 0.1 % Tween 20; 1 % BSA, pH 
8.0 (TBT) . The plate is incubated for 60 min at 20°C, washed 

25 five times in (TBT) , and 100 ul of a. secondary peroxidase • 
conjugated goat anti rabbit antiserum suitably diluted in K5 
buffer is added to each well. The plate is incubated 60 min 
• at 20°C washed five times in TBT and the amount of bound 
antibody is quantified by the use of a chromogenic peroxidase 

3Q substrate. 
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Example 5: C linical value of measurements in an AG1-1 ELISA 
preferentially recognisino isomerised and/or optically 
inverted forms of the epitope for monitoring patients with RA. 

5 " < 

Serum samples from RA patients as well as age matched 
controls were measured in the assay described above. 
Furthermore, synovial fluid was measured in the AG1-1 ELI SA 
as described in Example 2 . 

1° Thus Figure 4 shows the results of the measurement of 

serum samples from RA patients, and controls in the AG1-1 
specific assay. In the right side of the graph, results from 
measurement of 4 synovial fluid samples are shown. It is 
remarkable that the assay performs satisfactorily on synovial 

15 fluid samples. Normally synovial fluid produces too high a 
background due to matrix effects from other proteins present 
for any result to be obtained from an ELISA directed to a 
cartilage protein fragment. 

The data suggest that measurement of isomerised/ 

20 optically inverted forms of AG1-1 peptide fragments in 
circulation have a clinical' value for diagnosis, monitoring, 
managing of treatment of RA patients and for clinical 
evaluation of ongoing cartilage destruction in patients with 
joint diseases. 

25 

Example 6: Clinical value of measurements in an AG1 - 1 ELISA 
preferentially recognising isomerised and/or optically 
inverted forms of the epitope for monitoring patients with 
JRA (Juvenile Rheumatoid Arthritis) . 

30 

An additional clinical evaluation of the AG1-1 serum 
ELISA described in example 2 has been carried out. This was 
performed with serum samples from patients with juvenile 
Rheumatoid Arthritis (JRA) and age matched controls. Figure 
3 5 5 shows the results from 3 0 JRA patients and 32 age matched 
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controls. A non- parametric T-test ' (Mann-Whitney, two-tailed) 
shows a highly significant elevation of average AG1-1 
concentration (P<0.0001) compared to controls. Also in this, 
experiment a significant elevation among the patient group 
with joint diseases was seen. Of notice was a complete lack 
of correlation to serum CrossLaps measurements (r=0.05; data 
not shown). Serum CrossLaps One step ELISA is. an assay 
specific for isomerised collagen type I fragments (Rosenquist 
et al . 1998) , - and measures in this assay .specifically 
reflects bone resorption. Thus the lack of correlation 
between the AG1-1 assay and the serum CrossLaps assay 
demonstrates that' the AG1-1 assay is unaffected by 
metabolites of collagen type I released during osteoclastic 
bone resorption. A correlation to the time since diagnosis of 
JRA was seen (r=-0.44), showing that the AG1-1 concentration 
is most elevated in the newly diagnosed-, untreated patients, 
where the joint cartilage destruction is occurring at the. 
highest rate . 

Example 7: Clinical value of measurements in an AG1-1 ELISA 
preferentially ■ recognising isomerised and/or optically 
inverted forms of the epitope for monitoring patients with 
OA. 

In order to provide an assessment of the clinical value 
of the AG1-1 assay described in example 2 for assessing 
elevated cartilage metabolism in OA, serum samples from OA 
patients as well as age matched controls were measured in the 
assay described above. .OA samples from 40 newly diagnosed 
patients and .40 samples from a matched control group were 
included in the measurements. Figure 6 shows the results of 
measurement of serum samples from OA patients and controls in 
the AG1-1 specific assay. All OA samples are measured higher 
than the controls (p<0.0001, Two- tailed Non-parametric T- 
test, Mann-Whitney). 
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The data presented in figure 6,. demonstrate that 
measurement of isomerised/ opt ically inverted forms of AG1-1 
peptide fragments in circulation has a clinical value for 
diagnosis/monitoring of OA patients and for clinical 
5 evaluation of ongoing cartilage destruction in patients with 
joint diseases. 

Example 8: Clinical value of measurements in an AG1-1 ELISA 
preferentially recognising isomerised and/or optically 
10 - inverted forms of the epitope for monitoring patients with OA 
and F_A . 

Serum samples from patients with 'OA and matched control 
samples from healthy individual without arthritis or other 

15 diseases affecting joint or cartilage metabolism was measured 
in the monoclonal AGl-lp. assay described in example 3. 
Samples from 39 newly diagnosed OA patients, from 16 RA 
patients and 18 samples from a matched control group" were 
included in the measurements . Figure 7 shows the results of 

2 0 measurement of serum samples from OA patients and controls in 
the AGl-ip specific assay. The OA and RA samples are measured 
higher than the controls (p<0.0001, Two-tailed Non-parametric 
T-test, Mann- Whitney) . 

The data presented in figure 7 , .demonstrate that 

25 measurement of (3-Asp isomerised forms of AG1-1 peptide 
fragments in circulation has a clinical value for 
diagnosis/monitoring of OA and RA patients and for clinical 
evaluation of ongoing cartilage destruction in patients with 
joint diseases. 
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Example 9: Clinical value of measurement of samples from RA 
patients in a CLP specific ELISA', 

The clinical value of the CLP assay described in example 
4 was evaluated by measurement of samples from the RA patients 
and matched controls. The same sample panels as shown' in fig 4 
with AG1-1 measurements were also measured in the CLP ELISA. 
Figure 8 shows the results of measurements on serum samples 
from patients with RA, controls and synovial fluid samples in 
the CLP serum ELISA. The average concentration in the RA group 
was. 111.. 5 ng/ml and in the control group 48.94 ng/ml . The 
difference was statistically significant as assessed by non- 
parametric T-test (Mann-Whitney) (p=0.017). 

The correlation between measurements in the CLP assay and 
the AGl-assay was high (r=0.82 excluding one RA sample) . 

Example 10: Clinical value of measurement of samples from OA 
patients in a CLP specific ELISA , 

The clinical performance of the CLP assay described in 
example 4 was further evaluated. The OA sample panel from 
patients with newly diagnosed active OA depicted in fig. 6 was 
also measured in the CLP assay. Figure 9 shows the 
differentiation of serum samples from patients with OA and 
controls in the CLP serum' ELISA using antiserum from the 
rabbit 19902 5 (the same patient population as measured in the 
AG1-1 ELISA in figure 4) . The average concentration in the OA 
group was 20.6 ng/ml and in the control group 47.3ng/ml. The 
difference was statistically significant as assessed by non- 
parametric T-test (Mann-Whitney) (p<0.0001). The OA patients 
were measured with a significantly lower CLP concentration 
than the control group. 
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Example 11: Clinical value of calcul ation of a ratio between 
CLP and AG1-1 measures for assessment of ioint diseases 

The ratio was calculated between the AG1-1 measurements 
and the CLP measurements of the OA patients and controls 
(examples 7 and 10). Figure 10 shows the ratio between AG1-1 
and CLP measurements in the OA and control populations shown 
in figure 4 and 6 . The differentiation between the two 
populations is highly significant, and would- allow an 
establishment of an absolute cut-off value for a * pathological 
ratio'. The difference is highly significant- with p<0.000l 
(two tailed non- parametric T- test) . The T-score was 22.4. 

From the highly significant differentiation between the 
two groups, it appears that an absolute cut-off value for the 
15 ratio can. be determined allowing differentiation between 
individual patients with normal or abnormal joint metabolism. 
Such a ratio may be highly relevant for assessment of 
* pathological' joint metabolism, it represent a convenient 
method for normalising the assay for systemic joint 
2 0 metabolism. 

• Whilst the invention has been described with reference to 
specific examples, many variations thereof are possible within 
the scope of the invention. 
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CLAIMS 

1. A method of immumo- assay , comprising inununologically 
measuring in a biological sample the amount of an 
isomerised or optically inverted non-collagen protein 
derived from cartilage or of one or more isomerised or 
optically inverted fragments from such a protein. 

2. A method as claimed in claim 1, which determines the 
amount of at least one *Asx or *Glx containing protein 
or protein fragment in said biological sample, wherein 
*Asx is aD Asp or Asn or is PL or' PD Asp and *Glx is aD 
•Glu or Gin or yL or yD Glu . 

3. A method as claimed in claim 2, wherein said protein is 
aggrecan, CLP , COMP, or CILP or said fragment is a 
fragment of aggrecan, CLP, COMP, or CILP. 

4. A method as . claimed in claim 3, -in which is measured 
the amount of at least one protein or protein fragment 
containing the aggrecan derived amino acid sequence 
Gly-Arg-Val-Arg-Val - *Asx- Ser-Ala -Tyr . . 

5. A method as claimed in claim ' 3 , in which is measured 
the amount of at least one protein or protein fragment 
containing the aggrecan derived amino acid sequence 
Tyr-Leu-Ala-Trp-Gln-Ala-Gly-Met-*Asx-Met-Cys-ser-Ala- 
Gly-Trp. 
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6. A method as claimed in claim 3, in which is measured 
' the amount of at least one protein or protein fragment 
containing the CLP derived amino, acid sequence 
Ala-Gly-Trp-L.eu-Ala-*Asx-Gly-Ser-Val-Arg . 

7 . A method as claimed in any preceding claim, wherein 
said measurement is carried out using an immunological 
binding partner which specifically binds an amino acid 
sequence comprising *Asx or *Glx flanked by amino acid 
residues of a non-collagen cartilage protein. 

8. A method as claimed in claim 7, wherein said 
immunological binding partner is an antibody raised 
against a synthetic peptide having an amino acid 
sequence comprising *Asx or *Glx flanked by amino acid 
residues of -a non-collagen cartilage protein, or 
fragment of such an antibody having immunological 
binding specificity. 

9. A method as claimed in claim 7 or claim 8, wherein said 
amino acid sequence corresponds to a characteristic 
sequence of said protein, with *Asx or *Glx 
substituting for aL Asp, Asn, Gin, or Glu in said 
protein sequence. 

10. A method as claimed in any preceding claim, wherein 
said measurement provides an index, of cartilage 
turnover relevant for conditions and diseases affecting 
joint tissue turnover. 
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A method as claimed in claim 10, further comprising 
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carrying out a measurement of a second index of joint 
disease and determining the . value of a parameter 
mathematically combining said two indices. 

The use of an isomerised or optically inverted non- 
collagen protein derived from cartilage or of one or 
more isomerised or optically inverted fragments from 
such a protein in ■ an in vitro method for the diagnosis 
or the assessment of the severity of OA or RA. 

The use of an immunological binding partner which 
specifically binds an amino acid sequence comprising 
*Asx or *Glx' flanked by amino acid residues of a non- 
collagen cartilage protein in an in vitro method for 
the diagnosis or the assessment of the severity of OA 
or RA. 

An immunological binding partner which specifically 
binds an amino acid sequence comprising *Asx or *Glx 
flanked .by amino, acid residues • of a non-collagen 
cartilage protein. 

An immunological binding partner as claimed in claim 
14, which specifically binds a sequence set out in any 
one of claims 4 to 6 . 
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A cell line producing a monoclonal antibody which is an 
immunological binding partner as claimed in claim 14 or 
claim 15 . 
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7. A peptide of up to 2 0 amino acids in length containing 
*Asx or *Glx flanked by amino acid residues of a non- 
collagen cartilage protein: 

8 . The use in an assay for protein or protein fragments of 
a peptide as claimed in claim 17. 

9 . A method of immunoassay in which a biological sample is 
contacted with an immunological binding agent in the 
presence of a. peptide as claimed in claim 17 acting as 
a competition agent for binding to said immunological 
•binding agent . ' 

0. A test kit comprising (a) an immunological binding 
partner as claimed in" claim 14 or (b) a peptide as 
claimed in claim 17 in combination the other of (a) or 
(b) and optionally in combination with one or more of 
apparatus in which to perform an immunoassay, an 
antibody-enzyme conjugate, a substrate for an enzyme 
component of an antibody-enzyme conjugate, an enzyme - 
substrate reaction stopping composition, or a wash 
solution, a carrier bound to said binding partner or a 
detectable label bound to said binding partner. 
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